Further evidence is presented supporting the alternative interpretation of superhumps as being due to irradiation modulated periodically variable mass transfer rate. NZ Boo, HT Cas and PU UMa are added to the sample of high inclination dwarf novae showing -during their superoutbursts -modulation of the observed brightness of the disk with beat period. Simple model calculations confirm earlier hypothesis that this modulation is due to a non-axisymmetric structure of the outer parts of the disk, involving the azimuthal dependence of their geometrical thickness, rotating with the beat period.
Introduction
Superhumps are periodic light variations observed in dwarf novae of the SU UMa subtype during their superoutbursts (Warner 2003) ; they are also observed in the so-called permanent superhumpers (cf. Patterson 1999) . The superhump periods are slightly longer than the orbital periods and show complex variations (Kato et al. 2009, 2012 and references therein) . Their amplitudes at superoutburst maximum are from 0.2 to 0.7 mag. and decrease afterwards at a rate from dA SH /dt = −0.02 to −0.05 mag/day (Smak 2010 and references therein) .
The commonly accepted tidal-resonance model, first proposed by Whitehurst (1988) and Hirose and Osaki (1990) , explains superhumps as being due to tidal effects in the outer parts of accretion disks, leading -via the 3:1 resonance -to the formation of an eccentric outer ring undergoing apsidal motion. This model and, in particular, the results of numerous 2D and 3D SPH simulations (cf. Smith et A. A. al. 2007 and references therein) successfully reproduce the observed superhump periods; this suggests that the basic "clock" which defines the superhump periods may indeed be related to the apsidal motion.
On the other hand, however, the tidal-resonance model fails to explain many other important facts (cf. Smak 2010). In particular it fails to reproduce the amplitudes of superhumps: The numerical SPH simulations produce "superhumps" with amplitudes which -compared to the observed amplitudes -are about 10 times too low (Smak 2009a) .
From the analysis of superoutburst light curves of several dwarf novae it was found (Smak 2009b ) that in the case of deeply eclipsing systems (i > 82 • ) the observed brightness of the disk is modulated with phase of the beat period. This was interpreted as being due to a non-axisymmetric structure of the outer parts of the disk, involving azimuthal dependence of their geometrical thickness, rotating with the beat (apsidal motion?) period.
Regardless of this interpretation it is obvious that the modulation with the beat period seen by the observer implies modulated irradiation of the secondary component with the superhump period. This became one of the crucial ingredients of the new interpretation of superhumps (Smak 2009b) as being due to periodically variable dissipation of the kinetic energy of stream resulting from irradiation controlled mass outflow from the secondary.
The purpose of this paper is to present new results which strengthen this interpretation. The original sample of deeply eclipsing systems showing modulation effects described above is enlarged by adding three new objects (Section 2). The interpretation of the observed modulation in terms of the non-axisymmetric structure of rotating disk is confirmed (Section 3). And -most importantly -the modulation amplitude is shown to decrease during superoutbursts (Section 4) providing natural explanation for the decreasing amplitudes of superhumps.
Modulation with Beat Period: New Data
A search through the recent literature produced three high inclination systems with well covered superoutburst light curves: NZ Boo = J1502+3334 (Shears et al. 2011 ), HT Cas (Kato et al. 2012 ) and PU UMa = J0901+4809 (Shears et al. 2012) . From those light curves the magnitudes m d of the disk were extracted by using phases away from superhump maxima and away from eclipses. The values of m d were fitted with a simple formula:
or, in the case of non-linear variations,
where the first two (or three) terms describe the slow brightness decline during superoutburst, while the last one -the expected modulation with the beat period:
Results are shown in Fig.1 and listed in Table 1 . Listed in this table are also all earlier determinations for systems with i ≥ 80 • . Orbital inclinations given in the second column are from the latest edition of the Catalogue of CV's by Ritter and Kolb (2003) ; the inclination of PU UMa is unknown. As can be seen the expected modulation with beat phase is clearly present in all three systems. HT Cas and PU UMa are very similar to OY Car, DV UMa, IY UMa and J1227 studied earlier. In particular, their phases of maximum fall in a narrow interval from φ b,max = 0.55 to 0.68. NZ Boo, however, turns out to be an exception: its curve is shifted with respect to the others by -roughly -0.5. Table 1 plotted against their orbital inclination. In the case of NZ Boo, taking into account its φ b,max , the amplitude is plotted with minus sign (the same is done for Z Cha, with φ b,max = 0.28 ± 0.25, although in this case the amplitude is practically equal to zero). HT Cas is plotted with i = 81 • listed in the latest edition of the Catalogue of CV's by Ritter and Kolb (2003) . As discussed in Appendix B, however, this value is uncertain, another determination giving i = 83 • (shown by arrow in Fig.2 ). At this point we note that (1) large amplitudes occur at inclinations i ∼ 83 − 86 • , and (2) NZ Boo, with its inclination much closer to 90 • , looks peculiar. Table 1 . An arrow shows alternative value of the inclination for HT Cas (see text and Appendix B). Solid lines are model curves corresponding to 40 and 60 percent variations in z/r of the outer disk edge.
Interpretation
As mentioned in the Introduction it was suggested (Smak 2009b ) that the observed modulation with beat period could be due to a non-axisymmetric structure of the outer parts of the disk, involving the azimuthal dependence of their geometrical thickness, rotating with the beat period. In this Section we use simple calculations to confirm this explanation.
To begin with we calculate the "standard" absolute visual magnitudes M • V (i) of an accretion disk as seen at a given orbital inclination. The details are as follows. The distribution of temperature on the surface of the disk is obtained from the standard formula
With those temperatures we then calculate the local fluxes (using calibration based on Kurucz [1993] model atmospheres) and the local values of z/r (Smak 1992) which determine the concave shape of the disk. Turning to the disk edge -its vertical extent is defined by (z/r) edge = (z/r) disk at R = R disk and its temperature by T e,edge = T e,disk also at R = R disk .
In the next step we repeat those calculations with
where (z/r) • edge is the standard value used earlier and factor f accounts for the azimuthal variations of the vertical extent of the disk edge. The resulting magnitudes M V (i, f ) are then used to obtain the modulation amplitude
Initial test calculations, using different sets of system parameters, showed that the resulting values of ∆M V (i, f ) depend only weakly on the particular choice of those parameters. Final calculations were then made using system parameters of Z Cha withṀ = 2 × 10 17 g/s.
Results, for f = 1.4 and 1.6, are shown in Fig.2 . Their interpretation is quite simple. At inclinations i < 82 • the dominant contributions to the observed luminosity comes from the surface of the disk, its obscuration by the outer edge is negligible, hence no modulation is observed. At inclinations 82 • < i < 86 • the surface of the disk is partly obscured by the disk edge; when the disk edge is more extended ( f > 1) this obscuration becomes larger making M V (i, f ) fainter. At inclinations i > 87 • , however, the main contribution to the observed luminosity comes from disk edge; when it is more extended ( f > 1) its area is larger making M V (i, f ) brighter.
Finally, we compare our results with modulation amplitudes observed in systems listed in Table 1 . As can be seen from Fig.2 , the location of the observed
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points is reasonably well represented by the two curves corresponding to 40-60 percent asymmetry in the vertical extent of disk edge.
Decreasing Modulation Amplitude
An inspection of superoutburst light curves of OY Car (Fig.1a in Krzemiński and Vogt 1985 and Fig.1 in Schoembs 1986) and HT Cas (Figs.11(a) and 12(b) in Kato et al. 2012) shows that the modulation amplitude A mod decreases during superoutburst.
To study this effect in detail we need light curves covering several beat cycles. Sufficient data meeting this requirement were found for only six cases listed in Table 2 (inluding two different superoutbursts of OY Car). We analyze them as before (Section 2) with Eq.(3) being now replaced with
where dA mod /dt describes variations of the modulation amplitude during superoutburst. Results, listed in Table 2 , show that in four cases dA mod /dt < 0, with individual values being significant at a 3σ − 9σ level, while in the remaining two cases -NZ Boo and DV UMa -dA mod /dt ≈ 0. In fact, however, the values of dA mod /dt for those two stars are quite uncertain: compared to the other four cases their errors are twice s large and it is obvious that dA mod /dt < 0 cannot be excluded.
Taking this into account we conclude that the modulation amplitudes decrease with time during superoutburst. Within our interpretation of superhumps, in terms of irradiation modulated periodically variable mass transfer rate, this provides -for the first time -a simple explanation for the decreasing amplitudes of superhumps: it is a consequence of the decreasing modulation amplitude.
As emphasized earlier (Smak 2009b) , our interpretation of superhumps is based on purely observational evidence and no model is available at present which would permit to express the observed superhump amplitude as a function of the observed modulation amplitude (and system parameters!). In spite of that, however, it is possible to test the A SH − A mod connection by using data available for the two superoutbursts of OY Car. As can be seen from Table 2 , the values of dA mod /dt obtained from those two superoutbursts are significantly different. Adopting our interpretation we predict that -as a consequence -the values of dA SH /dt , describing the decreasing superhump amplitudes during those two superoutbursts should also be different. From light curves published by Krzemiński and Vogt (1985) and Schoembs (1986) we determine the superhump amplitudes A SH ; they are plotted in Fig.3 . Their variations during the superoutburst are described with
giving dA SH /dt = −0.046±0.006 mag/day for the January 1980 superoutburst and dA SH /dt = −0.066 ± 0.012 mag/day for the November 1980 superoutburst. Our prediction is then confirmed: during the November 1980 superoutburst, when the modulation amplitude decreased faster, the superhump amplitude also decreased faster.
